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Ringworm of the scalp due toM. audouini presents one of the most difficult of 
all dermatologic therapeutic problems. For many years most observers have 
believed that local therapy is almost valueless, and that the only effective treat-
ment is x-ray epilation (1) (2) (3). On the other hand, the work of several 
investigators, including Schwartz et al. (4) and MacKee et al. (5), has stimulated 
renewed interest in local treatment of the disease with new therapeutic agents, 
including 5 per cent salicylanilid ointment and copper undecylenate ointment 
(Schwartz et al.) and trimethyl cetyl ammonium pentachlorphenate in "lntra-
derm" (MacKee et al.). These new preparations, as well as other fungicidal 
agents, are under continued study in the treatment of tinea capitis, and reports 
on the results of such therapy will undoubtedly become available. 
The purpose of this paper is to record observations on a particular group of 
60 children with ringworm of the scalp due to M. audouini, all of whom pre-
sented an inflammatory reaction at the site of infection when first seen or at some 
time later. All of these patients were observed for at least three months. 
One hundred six patients with tinea capitis due to M. audouini, with some 
degree of inflammatory rel'jponse, were observed during the 18 month period of 
this study, but 46 of these patients did not return for a three months' period of 
observation. Twenty-five of these patients were seen only once or twice, and 
are included only to indicate an accurate percentage of the incidence of inflam-
matory reaction in tinea capitis due to M. audouini. All of the remaining 60 
patients were observed for at least 2 months after they were apparently cured to 
make certain that no relapse occurred. Such observation included clinical 
examination, Wood's light examination, and cultural studies. 
In patients who had an inflammatory reaction at the time of their first clinic 
or office visit, ammoniated mercury ointment and/or 1:12,000 potassium per-
manganate compresses was the usual initial therapy. The majority of patients 
with tinea capitis who had no inflammatory response at the time of their first 
visit were treated with 10 per cent copper undecylenate ointment or 5 per cent 
salicylanilid ointment. The treatment of most of these patients was changed 
to ammoniated mercury ointment and/or 1:12,000 potassium permanganate 
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compresses if an inflammatory reaction occurred. In some patients 10 per cent 
copper undecylenate ointment (and less frequently 5 per cent salicylanilid oint-
ment) was continued after the onset of an inflammatory reaction. The other 
therapeutic measure used was careful manual epilation of fluorescent hairs. In 
some patients, as many as 50-60 infected hairs were removed at each weekly 
visit; in others, it was necessary to remove only a few isolated persistent fluo-
rescent hairs. In other patients, manual epilation was not necessary because the 
inflammatory reaction was accompanied by marked loosening of the hairs so that 
they fell out spontaneously or during shampooing. 
Incidence of inflammatory response. The total number of cases of tinea capitis 
due toM. audouini seen during this 18 month period was 433. Thus, the per-
centage of tineal infections of the scalp attributable toM. audouini and accom-
panied by some degree of inflammatory reaction at some time during the course 
of the disease was 24.4 per cent. 
AGE 
years 
2-4 
4--6 
6-8 
8--10 
lo-
TABLE I 
PER CENT 
27 
32 
25.4 
12.2 
3.0 
Certain epidemiologic aspects . The ratio of males to females was slightly over 
3: 1 in both the inflammatory and non-inflammatory groups. 
Thirty-five of the patients in this series had one or more siblings who also had 
ringworm of the scalp, but an inflammatory reaction in one or more siblings was 
noted in only two of this group. 
Susceptibility to inflammatory reaction was not related to color. Sampling 
from both groups showed roughly the same ratio of inflammatory to non-inflam-
matory cases. 
Age incidence. The highest incidence of inflammatory reactions occurred in 
children between the ages of 4 and 6 years, as is shown in table I. 
Figures for a group of 313 patients with tinea capitis due to M. audouini with 
no inflammatory reaction observed during the same time period are given in 
table II. It will be noted that 59 per cent of the inflammatory cases were below 
the age of 6 years, whereas only 35 per cent of the non-inflammatory group were 
below this age. 
Nature and degree of the inflammatory response. Inflammatory reaction in each 
case was graded from one plus to four plus. A one plus reaction indicated a 
mild low-grade folliculitis, usually with a few serous crusts. A two plus reaction 
was . characterized by more prominent serous crusts, increased scaling of fluo-
rescent patches, and slight tissue edema. Three plus reaction was characterized 
by erythema, more marked tissue edema, folliculopustules, and loosening of 
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hairs. Some regional adenopathy was usually associated with this degree of 
reaction. A four plus reaction represented what may be described as typical 
kerion-boggy raised plaques, exuding pus from multiple tiny sinuses. Fre-
quently, such lesions were covered with a thick dried seropurulent exudate, and 
loosened hairs. A number of cases were listed as "plus-minus" where inflam-
matory reaction was limited to a simple collarette of dried serum around indi-
vidually fluorescent hairs. As a rule, these hairs were loose and could bP. removed 
easily. 
This classification of inflammatory response does not indicate in any sense the 
area of the scalp involved but only the degree of reaction at sites of involvement. 
AGE 
years 
Under 2* 
2-4 
4-6 
6-8 
8-10 
10 
* Age at time of first clinic visit. 
TABLE II 
TABLE III 
Plus minus .................................................... . 
One plus ..................................................... . 
Two plus ..................................................... . 
Three plus ................................................... . 
Four plus ..................................................... . 
PEI1.CENT 
4.1 
14.3 
21 
26.4 
23 
11.1 
PEI1. CENT 
14 
31 
18 
18 
19 
Table III indicates the comparative incidence of the degree of reaction 
observed. 
Course of M. audouini Tinea capitis accompanied by inflammatory reaction. 
Of 60 patients followed for three months or more, 56 were discharged as cured.1 
The other four patients were followed for three months or more without complete 
cure. This represents a cure rate of 93.3 per cent. The percentage of cure did 
not seem related to the extent of the area initially involved. Thus, no matter 
how widespread the initial process, if unmistakable inflammatory reaction set in, 
a favorable outcome was the rule. Twenty-one other such patients were seen 
on three or more occasions over a period of from 2-10 weeks. Fourteen of these 
21 patients had from moderate to marked improvement at the time of their last 
visit; the ot.her 7 patients did not have significant improvement at the time of 
their last visit. 
1 Patients were considered cured only after repeated negative Wood's light examina-
tions, negative cultural examinations, and negative clinical findings during at least a 2-
month period of observation. 
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Absence of fluorescence was noted in less than one month after the onset of 
inflammation in 75 per cent of cases, and in two to three months in the majority 
of the remainder. (In kerion, some evidence of inflammatory reaction was 
observed as long as two months after the onset.) The regrowth of hair in such 
cases was delayed. However, no patients with disfiguring alopecia incident to 
severe kerion were observed, although at the onset in some cases it seemed that 
there would be marked disturbance of hair growth. 
Relationship of injlammatary response to the trichophytin test. Trichophytin 
tests were done on 36 of the 60 patients. Ordinarily, the test was done at the 
time of the first clinic visit, repeated if an inflammatory reaction developed, and 
finally repeated at the time of discharge from observation. Routinely, 0.1 cc. 
of 1:30 dilution of Lederle's "Trichophytin Interdigitale" was used, injected 
intradermally, on the flexor surface of the forearm. Coincidental control tests 
were performed on these patients using the same dilution of a broth extract on 
which the trichophytin had been grown (supplied by the Lederle Company). 
The results of the tests are shown in table IV. 
Thus, 33 of these 36 patients or 91.6 per cent had either a positive initial 
trichophytin test or a positive repeat test following the onset of inflammatory reaction. 
There was a decided predominance of strongly positive trichophytin reactions 
TABLE IV 
Total number of patients tested.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Number of positive tests. ....... . ... ............................ .. . .. . . . . . . . . . . . . . . 33 
Number of negative tests.. ..... . ... ... . .. . .............. ....... . ... . . .............. 3 
associated with the more severe or kerion-like scalp manifestations with the 
exception of two cases who had a negative test despite a definite kerion. Such 
a reaction was evidenced by an inflammatory area from 4 to 6 em. in diameter, 
with definite erythema, induration, and as a rule tiny vesicopapules. Duration 
of the reaction was two or more weeks, with residual hyperpigmentation persist-
ing even longer. 
Trichophytin tests were performed on 107 other patients with M. audouini 
tinea capitis without inflammatory reaction in the scalp; 35.1 per cent of these 
patients had a positive test. The high percentage of positive trichophytin tests 
in the patients with inflammatory M. audouini tinea capitis is in contrast to the 
lower percentage of positive tests noted in the non-inflammatory cases (91.6 per 
cent compared to 35.1 per cent). This suggests that there may be a change in 
the immune response of the individual when an inflammatory reaction accom-
panies the tineal infection of which the reaction to trichophytin is one manifes-
tation. 
COMMENT 
In 1941, two of us (C. S. L. and D. M. P.) recorded the results of prolonged 
observation of 130 cases of tinea capitis, 125 of which were culturally proven to 
be due to M. audouini (6). The results in regard to influence of inflammatory 
reaction on the course of tinea capitis recorded in that study were as follows: 
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1. Sixteen per cent of the 125 cases due to M. audouini had an inflammatory 
reaction either on initial examination or during the course of treatment and 
observation. 
2. Seventy per cent of the inflammatory cases were completely cured without 
x-ray epilation. (Five of the remaining 6 patients were cured except for a few 
infected hairs.) 
3. Twenty-seven per cent of the 105 patients with non-inflammatory tinea 
capitis were cured without x-ray epilation in periods varying from three months 
to two years. 
Milder degrees of inflammatory reaction were not considered significant in the 
previous study, and were not recorded as "inflamed," as has been the policy in 
the present series of cases. 
The high percentage of cures recorded in the present series of 60 patients of 
inflammatory tinea capitis corroborates the results of our first study. In two 
different series of cases, the first of 20 patients, the present one of 60 patients, it 
has been noted that approximately 90 per cent of children with ringworm of the 
scalp due to M. audouini, accompanied by an inflammatory reaction, eventuate 
in complete cure without x-ray epilation or any other type of special treatment. 
It is most difficult to explain the experience of MacKee et al. (5) which was sum-
marized in their paper as follows: "Because of the experience recorded by Livin-
good and Pillsbury the question may arise as to whether our cures were 
spontaneous or caused by the inflammatory reaction. Our experience is to the 
contrary. We have observed a large number of young children with M. audouini 
scalp infection who had the affection for from a few months to a year or two and 
who had received little or no treatment. There were no spontaneous cures among 
these children. They all showed continued spread of the affection. The 
flammatory response in some of our cases was different in character from the 
more violent and more deep-seated changes described as favorable by Livingood 
and Pillsbury. Even the severe inflammation caused by one of our more early 
preparations did not speed recovery. To the contrary, as will be discussed in a 
subsequent report, severe reactions have been a handicap." 
In this connection, several factors must be emphasized. In the first place, it 
should be realized that many patients with tinea capitis disappear from observa-
tion before the physician has an opportunity to evaluate the outcome adequately. 
We have had great difficulty in maintaining continued observation and treatment 
of our patients. In both series of patients the invaluable services of a full-time 
follow-up worker were available. She made repeated home visits, and con-
stantly maintained contact with all patients by mail and telephone.2 It seems 
logical to assume that the patients who improve are less likely to return to the 
clinic or office, and this is in accord with our experience. Repeatedly, patients 
have been seen only after repeated efforts to obtain a follow-up visit, months 
after the last clinic visit, to find either marked improvement or complete cure. 
It is obvious that a high percentage of patients included in any series must be 
2 We wish to acknowledge the assistance of Mrs. Daniel J. Perry. 
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followed for at least 3 months in order to determine the percentage of cure. 
Otherwise, many of the patients with a favorable outcome disappear from ob-
servation, with obvious inaccuracy of the final results. Secondly, if a given 
fungicidal agent is being studied, the natural tendency is to attribute all favorable 
results to this particular medicament. Furthermore, repeated manual epilation 
of fluorescent hairs has increased our percentage of cures; this procedure is par-
ticularly feasible in patients with an inflammatory reaction, because the easy 
painless removal of loosened infected hairs is greatly facilitated. 
On the basis of our experience, it is believed that inflammatory reaction in 
ringworm of the scalp due to M. audouini is a useful guide as to possible cura-
bility, by local treatment. It is our opinion that at least 50-60 per cent of 
patients with tinea capitis due toM. audouini will progress to complete cure with 
several methods of local therapy, providing the patients are followed and treated 
over a sufficient period of time. Furthermore, it is believed that a high per-
centage of these cures result because of the inflammatory reac1;ion which occurs 
at some time during the treatment period in a significant percentage of patients. 
In this group approximately 25 per cent of patients had some degree of inflam-
matory reaction. At the same time we do not wish to imply that the presence 
or absence of an inflammatory reaction is the only factor of curability, but we 
do believe that it is a most important one. 
On the basis of the observations of Schwartz et al., most of our patients with 
tinea capitis have been treated with 10 per cent copper undecylenate and/or 5 
per cent salicylanilid ointment. A detailed analysis of our results, with partic-
ular reference to the efficacy of these preparations, will be the subject of a sub-
sequent paper. We agree that these fungicidal agents, particularly 10 per cent 
copper undecylenate, are more effective in the local treatment ·of tinea capitis 
than any other therapeutic agent we have tried. It must be remembered that 
Schwartz and his group continued treatment of their patients under the expert 
supervision of trained personnel for a long period of time and that their patients 
remained under continuous observation. It seems almost certain that at least 
20 to 30 per cent of their patients acquired an inflammatory reaction during the 
course of their disease. Furthermore, their patients, particularly the resistant 
ones, underwent repeated sessions of manual epilation. It is understandable to 
us that the compulsory persistent use of superior fungicidal agents (10 per cent 
copper undecylenate ointment and 5 per cent salicylanilid ointment) under the 
close supervision of trained personnel over a loi).g period of time may result in as 
high a percentage of cures as the routine use of x-ray epilation in all patients, 
though it is obvious that this is a more tedious method of treatment. On the 
other hand, x-ray epilation is a procedure which is safe only when carried out by 
physicians with great training and experience with this method. 
We are not able to· explain adequately the mechanism of cure or the favorable 
effect of inflammatory reaction or curability of tinea capitis due toM. audouini. 
It seems obvious that the loosening of the infected hairs in the presence of such 
reaction is important. The high percentage of positive trichophytin tests in 
those patients with an inflammatory reaction suggests a change in the immune 
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response of the patient to the organism. Probably it is the combination of these 
two factors which accounts for the favorable effect of inflammatory response on 
the curability of the disease. 
In view of the data which we have collected, it is believed that the following 
general principles serve as a useful guide in the management of tinea capitis: 
1. The presence of an inflammatory reaction almost assures an eventual 
favorable outcome with local therapy alone, providing such reaction is not 
simply a transient reaction to the medication. X-ray epilation should not be 
done in these patients in our opinion until they have had at least 2-3 months of 
local treatment, including manual epilation of the fluorescent hairs which may 
persist. 
2. Most of the patients with ringworm of the scalp should have at least 2 
months' trial of local therapy before resorting to x-ray epilation. At the present 
time, 10 per cent copper undecylenate ointment and 5 per cent salicylanilid oint-
ment appear to be the most effective therapeutic agents. Our results with copper 
undecylenate have been slightly superior to those with salicylanilid. It must 
be remembered that local treatment depends entirely on the cooperation of the 
parents. 
3. An experienced observer can usually predict the probability of eventual cure 
with local therapy after 2 months' observation. The favorable criteria include 
presence of inflammatory reaction, loosening of the hairs, a change in the appear-
ance of fluorescence from the characteristic bright, light green color to a dull, 
whitish-green color, and significant reduction of number of fluorescent hairs. 
4. X-ray epilation should be reserved for the following patients with tinea 
capitis: (a) Those patients who have more than 50 per cent of the scalp involved 
with no evidence of inflammatory reaction, especially if the infection is not of 
recent origin, (b) those patients who have not had any evidence of favorable 
response as outlined under (3) above after 2 months of local therapy including a 
trial of both 10 per cent copper undecylenate ointment and 5 per cent salicylan-
ilid ointment, (c) those patients in whom complete cooperation of the patients 
cannot be obtained, and in whom there is no evidence of an inflammatory re-
action. 
5. It has been our experience that approximately 55 per cent3 of all patients 
with tinea capitis due to M . audouini may be cured with local therapy in routine 
clinic and private practice if the disease is managed along the lines which we 
have outlined. It is probable that this percentage may be increased to as high 
as 90 per cent if the treatment is compulsory and supervised by trained per-
sonnel as was the case with the Hagerstown experiment carried out by Schwartz 
et al., but some of the patients will be under treatment as long as one year. 
6. It is obvious that prompt cure of the infection is important from the stand-
point of preventing transmission of the disease to other individuals. We do not 
think that this is an important contraindication to a trial of local therapy, pro-
a More recent experience with the use of a combination salicylanilid-undecylenate 
ointment leads us to believe that the expected cure rate after 2-16 weeks of local therapy 
with this preparation is approximately 80% in cooperative patients. 
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viding the parents are cooperative, use the medication regularly, and follow the 
usual precautions on preventing interchange of caps, combs, etc. 
SUMMARY 
1. Twenty-four and four tenths per cent of 433 patients with tinea capitis 
due toM. audouini were found to have some degree of inflammatory reaction at 
the sites of involvement at some time during the course of their disease. 
2. Sixty of these patients with an inflammatory reaction were followed for 
three months or more. Fifty-six (or 93.3 per cent) of these 60 patients even-
tuated in complete cure of their tinea capitis. 
3. Susceptibility to inflammatory reaction was not related to sex and color 
of the patients. 
4. Fifty-nine per cent of the cases with inflammatory reactions were less than 
six years of age, whereas of 313 cases of non-inflammatory tinea capitis, only 
35 per cent were below this age. 
5. Intracutaneous testing to 0.1 cc. of 1:30 Lederle's trichophytin (T. Inter-
digitate) extract gave a percentage of positive reactions in cured cases of 91.6 
per cent compared with only 35.1 per cent in positive reacting patients with 
non-inflammatory tinea capitis. 
6. Inflammatory reaction in tinea capitis due toM. audouini probably occurs 
with greater frequency than is generally rcognized. 
7. The inflammatory reaction accompanying tinea capitis due toM. audouini 
is an important favorable prognostic factor insofar as curability of the disease is 
concerned. 
8. The favorable effect of an inflammatory reaction is probably due to mechan-
icalloosening of the infected hairs and an increase in immune ret>ponse on the part 
of the host. 
9. General Principles in regard to our present management of tinea capitis 
are summarized, including indications for local treatment vs. x-ray epilation. 
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